Introduction
Recently a number of papers have appeared on the thermodynamics of monomer partitioning of moderately water-soluble monomers in polymer latex systems In these papers a very straightforward model was given and this was compared with a broad range of experimental data. One of the basic assumptions in this model was that for most common monomers the molar volumes can be assumed to be similar. In addition to a sensitivity analysis 6, published earlier, this work is intended to elaborate more on deviations that occur when the molar volumes of the monomers are not similar. Experimental data are shown for two monomers with different molar volumes.
Results and discussion
The equations that were used to describe the monomer partitioning behaviour are the following (valid for two monomers, but in principle easily adjustable to describe n monomers 9:
RT where uip, Uid are the volume fractions of monomer i in the polymer and droplet phase, mU is the ratio of the molar volumes of monomers i and j, xu is the FloryHuggins interaction parameter between monomers i and j, zip is the interaction parameter between monomer i and polymer, Ciaq is the concentration of monomer i in the aqueous phase and Ciaq,s,h its saturation value if there are no other monomers present; y is the interfacial tension between the aqueous and polymer phases, Vi molar volume of monomer i, and r is the swollen radius of the polymer particles.
The basic assumptions that led to major simplifications are: (1) the ratio of the molar volumes, mu, can be set equal to 1. (2) the contributions of the enthalpy of mixing and the conformational entropy of mixing to the partial molar free energy of mixing two monomers in the monomer or droplet phase, i.e., the third term on the right-hand side of Eq. (Ib), are negligible compared to all other terms.
(3) for the contributions of enthalpy and conformational entropy to the partial molar free energy of mixing of the monomers with the polymer in the particles one can assume the interaction parameters for monomer with polymer to be equal for each monomer. The contribution of enthalpy and conformational entropy to the mixing of the two monomers in the particles, represented by xu, can be assumed to be negligible, as with the mixing of the monomers by themselves in the droplet phase. Under saturated conditions these assumptions lead to the following equations:
where fip, fid are the mole fractions of monomer i in the polymer phase, resp., the droplet phase. The reader is referred to refs.
for a more detailed treatment.
Regarding this model we note the following: i) It can be argued that Eq. (lb) might have to be replaced by Eq. (3):
Eq. (3) is the simplest representation of mixing of two low molecular weight compounds. However, the use of this equation instead of Eq. (Ib) will have no effect on the resulting equations if m, = 1.
ii) In the sensitivity analysis that was performed6), only the monomer droplet phase and the polymer phase were considered (i.e., Eq. (2a)). It was shown that large deviations of m, from 1 (e.g. m, = O,l), when applying the full equations Eq. (la) and Eq. (Ib), did not result in large deviations from the prediction of Eq. (2a). These deviations are certainly not larger than the experimental uncertainty. The thermodynamic behaviour of the aqueous phase is very different from both other phases (in the aqueous phase the monomers do not influence each other, as this phase is normally very dilute; in the other phases the monomers have a large influence upon each other). The fact that rn, Se 1 should not have any effect on the thermodynamic behaviour of the monomers in the aqueous phase. The effect of m, not being equal to 1 has comparable effects on the concentrations in the droplet and polymer phases, and therefore Eq. (2a) can still be used. However, if one is to compare droplet phase and aqueous phase, the effect of m,, might be noticeable.
Taking the above two points into consideration we did some simple calculations to show that m, has a significant effect when comparing the droplet phase and the aqueous phase. For saturated conditions, the following three different equations were used for the evaluation of AFld/(RT):
RT
and Eq. (1 c) was used for the aqueous phase.
respectively, whilst mij was varied (Figs. 1 a und b) .
Ciaq/Ciaq,s,h was calculated by equating Eq. (1 c) to Eqs. (4a), (4b) and (4c), It can be easily seen that the value of mij has a significant effect on the concentrations in the aqueous phase, certainly a much more significant effect than was found for the comparison of the droplet and polymer phases. To compare these calculations with experimental data we did some experiments with methyl acrylate (MA) and cyclohexyl methacrylate (CHMA), for which mMA-CHMA = 0,515. In Fig. 2 In addition we analysed the polymer phase (the polymer phase was a polystyrene latex with a particle diameter of 86,6 nm (transmission electron microscopy)) in the same system, and the results are displayed in Figs. 3a and 3b . The data in Fig. 3a unambiguously show the validity of Eq. (2a). For the total monomer concentrations in the polymer phase, the following equation was experimentally derived by Maxwell et al.*): 
Conclusions
Up until now the comonomer systems that were used to check Eqs. (2a), (2b), (5a) and (5 b) all complied with mu = 1. The data presented in this work indicate that these equations can still be used with systems where mu deviates from 1, at least up to a value of 2 (with the notion that for the droplet phase mole fractions should be used rather than volume fractions).
